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The answer, my friend, is blowin’ in the wind,
the answer is blowin’ in the wind . . . 

 —Bob Dylan
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Preface

We are happy to introduce Wind Power for the World, a book on the 
generation of electricity from wind. The book intends to present 
to the general public how wind power was able to conquer in less 
than 20 years a global market share of 250 GW and provide the 
perspective of the markets to come.
 Preben Maegaard and Anna Krenz of the Nordic Folkecenter 
for Renewable Energy in Denmark have put this remarkable 
book from over 50 pioneers of wind power together. I take this 
opportunity to express my sincere thanks to all of them.
 Pan Stanford Publishing, Singapore, had launched a book series 
Pan Stanford Series on Renewable Energy in 2010, starting with a 
book on photovoltaics. This book is the second in this series. Others 
will follow.
	 I	am	confident	 that	 the	book	will	make	 its	mark	to	 the	 further 
success of wind power everywhere on our globe.

Wolfgang	Palz
Series	editor

Paris
Summer	2013
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Introduction

Numerous books about wind energy have been published, 
addressed to professionals, investors, academia, ordinary users, 
environmentalists and several other potential sorts of interested 
circles.
 However, among the many publications none had a special 
focus on the emergence of modern wind power seen from an 
international	 perspective;	 the	 process	 that	 resulted	 in	 well-
functioning,	 affordable	 wind	 turbines.	 Basically,	 the	 story	 behind	
the scenes had to be told.
 The book Wind Power for the World is for non-specialists and 
wind energy science and technology are covered to the strict 
minimum. The book is in two volumes: The Rise of Modern Wind 
Energy	and	 International	Reviews	and	Developments.	 	 In	 the	 first	
volume, we tell the story about how it became possible for wind 
power to develop during an almost 40-year period and emerge as 
a world-wide business of EUR 30 billion per year employing almost 
one million people by 2013. In the second volume of the book, we 
have collected reports and overviews of wind power status and 
history in various countries. 
	 The	uphill	struggle	that	made	it	happen;	wind	energy	strategies	
and	 policies	 that	 paved	 the	way;	 the	 creative	 persons	 in	 politics,	
agencies	 and	 institutes;	 the	 industry;	 the	world	 societies	 at	 large; 
and the challenges for which a solution was found at the end are 
the main topics presented in this book. The book’s richly facetted 
stories are presented by over 50 experts from various areas of 
the renewable energy sector. Several of them are seniors who 
have	made	 it	 all	 the	way.	 They	were	 first	 involved	 in	 their	 home	
countries	 and	 then	 at	 the	 international	 scene	 at	 the	 scientific,	
engineering, organisational, or political level, and have made 
valuable contributions to the successful emergence of wind power.
 Without their professionalism, dedication and persistence, 
wind power might still have been in its infancy. The rising global 
climate and resource crisis, the increasing energy prices as well 
as the working of time, resulted in an astonishing technological 
development and reduced costs of equipment, which gradually 
made wind energy a realistic substitute for the conventional 
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fossil fuels. The visionaries who created the way out of the feared 
fossil fuel and uranium trap have interesting stories to tell.
 Only few countries took the initiative to proliferate contem-
porary wind power. We, as editors of the book, decided to focus 
mainly	 on	 three	 of	 these	 countries	 in	 the	 first	 volume:	 Denmark, 
with its absolute dominance from 1975 and for the following 
15	 years;	 Germany,	 which	 with	 its	 progressive	 legislation	
demonstrated that political visions and will, more than good wind 
resources, made Europe’s largest economy a champion of wind 
energy;	 and	 China,	 which	 started	 from	 almost	 zero	 in	 2005,	 but	
entered	the	arena	with	a	concerted	effort,	and	just	five	years	later	
could celebrate its role as the global no. 1 in wind power sector, both 
in terms of installed and manufacturing capacity. A Chinese proverb 
says	that	even	on	the	longest	march,	the	first	step	has	to	be	taken.	
China has shown a direction. Other countries can still use this as 
an example.
	 Some	 readers	may	 find	 that	 the	 achievements	 of	 Denmark	 in	
the early phase of the contemporary wind energy development 
are	 overrepresented;	 however,	 most	 of	 the	 stories	 of	 the	 period 
have never been presented earlier to an international audience, 
and quite much of what happened since 1975 is still a historical 
mystery. 
	 All	 told	 and	 with	 respect	 to	 every	 effort	 made	 to	 make	 wind	
energy a unique success, a search for the roots of the story points 
especially	 to	 the	 role	 of	 Denmark.	 Here,	 the	 first	 commercial,	
reliable	and	affordable	wind	turbines	appeared	as	people’s	response	
to	an	oil	crisis	that	had	caused	severe	unemployment	and	financial	
problems	 for	 this	 small	 north	 European	 country’s	 five	 million 
people. Denmark relied almost 100% on imported oil for heating, 
electricity and mobility. A paradigm shift within the supply of 
energy was absolutely necessary. 
 Fortunately, a large number of people were ready to spend 
their savings to purchase a wind turbine. At the same time many 
other people had visions and passion to design and manufacture 
the	 perfect	 windmill,	 that	 within	 a	 five-year	 period,	 through	 the 
trial-and-error method and countless experiments, resulted in 
what proved to become the contemporary wind turbine concept 
and the basis of large-scale, worldwide industrialisation.
 When we decided to bring up this book on wind power, we 
looked	40	years	back	to	find	the	roots	of	this	exciting	development	



xxvii

and recognised that the cradle of the modern wind turbine stood 
in Denmark and a bottom-up development was the solution. We 
realised that this is the right time to get authentic stories from 
the Danish authors, who themselves were often part of this 
breakthrough,	and	have	first-hand	reports	to	bring	forth	the	most	
important events, technologies, successes as well as mistakes. It 
may soon be too late. 
 The pioneers had to acquire fundamental knowledge on 
aerodynamics,	technology	and	controls;	make	mistakes;	learn	from	
experience and often ruin their own economy—but every time 
someone would take over and experiences would not go wasted. 
The development of wind power was based on whatever worked 
best, while the negative results were left behind when they did not 
turn out to be any good. Thus, it is a long cavalcade of developers, 
inventors and manufacturers who each gave their big or small 
contributions to what took its beginning in 1975 and, in the course 
of	five	to	eight	years,	became	a	real	modern	industry.	
	 In	 that	 period	 the	 Danish	 concept	 was	 defined;	 reliable	 and	
affordable	wind	turbines	became	available.	The	first	uncertain	steps	
into the Fourth Revolution—the transition to renewable energies—
were taken in Denmark in the same period when the heroes of the 
Third Revolution, people like Steve Jobs and Bill Gates, fumbled 
with and engineered their equipment and software for some of 
the	first	commercially	successful	personal	computers,	the	backbone	
of the information society that later reached out to every corner 
of the world. 
	 However,	 there	 is	 a	 decisive	 difference.	 Bill	 Gates	 for	 his	 part 
kept the copyright of his operating system for himself. He believed 
that other vendors would clone it. The Danish wind energy pioneers 
in	 contrast	 had	 grown	 up	 in	 a	 totally	 different	 tradition:	 open	
source. 
	 When	 Denmark	 in	 1895	 got	 its	 first	 patent	 law,	 technologies	
and processes for use in agriculture were explicitly excluded from 
copyrights and patents. This principle of openness and sharing of 
knowledge by the Danish wind energy pioneers was maintained as 
extremely essential for the innovative culture. There was no fear of 
ideas being cloned and concrete solutions were never protetcted 
by copyrights or patents. The principle learned from Poul la Cour, 
the Danish wind energy pioneer 100 years earlier, was as follows: 
Patents, if any, should belong to the Danish people. 
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 For decades, the universities had severely neglected research 
and capacity building within renewable energy, not realising that 
the fossil and atomic era would some day come to an end. Therefore, 
the Danish wind energy pioneers wanted the scarce technology 
know-how to be freely available to anyone who wanted to use 
and clone it. They believed that energy from the wind and the sun 
belonged to us all, and therefore, the knowledge to harvest renewable 
energies should be part of the heritage of mankind.
 During the 1980s, wind industry in the United States, the biggest 
economy of the world, passed through a rapid rise and fall with later 
ups and downs, while the young German industry attached to the 
Danish supply chain with its specialised, independent suppliers of 
blades, control systems, etc. Emerging manufacturers made robust 
wind	 turbines	 long	 before	 the	 first	 German	 renewable	 energy	
law opened the market for large-scale investments and regular 
industrialisation.	Wind	power	soon	gained	significant	shares	at	the	
cost of conventional power sector that was dominated by big and 
politically	influential	power	oligopolies.
 In 1995, Spain introduced the German version of the feed-in 
tariffs	(FITs)—the	key	to	rapid	and	decentralised	renewable	energy	
development. The country did not rely on imported wind turbines 
and got its own advanced manufacturing sector with brands that 
became well known in the international market.
 Ten years later in 2005, China, in search for additional electricity 
production capacity and with an eye for a new industrial growth 
sector, also joined the wind energy frontrunners. By opening the 
door for the best available technology, the biggest nation in the 
world diligently avoided mistakes that delayed the industrialisation 
in most other countries. Soon China got its own complete supply 
chain and more than 50 MW–size suppliers of wind turbines. 
After	 a	 five-year	 period	 of	 concerted	 effort,	 a	 completely	 new	
industry emerged that made China the absolute leader in the wind 
power sector, both in terms of manufacturing and installed 
capacity.

A	Roadmap	in	Pursuit	of	the	Legend	of	Modern	Wind	Power

With the rediscovery of the asynchronous generator, this book 
presents various sides of the origin of the contemporary wind 
turbine design and acknowledge people who made crucial conceptual 
and technological contributions in the wind power revolution, 
especially Johannes Juul and Christian Riisager. In 1976, Christian 
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Riisager	was	the	first	to	commercialise	a	small	wind	turbine	using 
J. Juul’s design principles from the 1950s and like other manufactures 
could sell it to Danish people willing to spend their money on 
alternatives to the imported oil. 
 It was not the hybrid blade technology of Juul and Riisager, 
however, that lead the way to the development of the so-called 
Danish Concept, but the 2 MW Tvind windmill, designed and built 
by a group of amateurs and idealists from the Tvind School. In 
1976, Tvind transferred Professor Ulrich Hütter’s advanced blade 
technology from the Technical University of Stuttgart to Denmark 
and made it available for the general public. The newly founded 
Økær Vind Energi brought to the market Tvind’s downscaled 
4.5	m	fibreglass	blade,	 the	basis	of	 the	emerging	component	wind	
turbine. Soon after, NIVE, divided up a wind turbine’s structure 
into four basic elements that were manageable items within the 
existing	 specialised	 industries.	 Specifications	 were	 defined	 for	
modular wind turbine components (blades, controls) which lead 
to the emerging supply chain that enabled the Herborg blacksmith, 
members of the Danish Blacksmith’s Association and other small 
enterprises	 to	 manufacture	 and	 assemble	 reliable	 and	 affordable 
15 kW to 22 kW wind turbines.
 This book describes how the combination of J. Juul’s principles 
(heavy, upwind, 3-bladed, asynchronous generator, stall-regulated) 
with	 Ulrich	 Hütter’s/Tvind’s	 advanced	 blade	 fibreglass	 design	
and root assembly resulted in the winning wind turbine concept, 
called the Danish Concept. 

A hybrid of J. Juul’s turbine with U. Hütter’s blades is “the Danish Concept”.
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Timeline of the development of modern wind power.

 This process took place between 1975 and 1979 when the 
later successful manufacturers Vestas, Nordtank, Bonus, etc., 
commercialised the concept. During the Californian wind rush 
from 1983, small workshops became regular factories with series 
production. The leading companies scaled up the concept step by 
step and took it to the world market that they dominated for the 
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succeeding 15 years. When other countries like Germany, Spain 
and later China got into commercial wind turbine manufacturing, 
their designs were J. Juul–Hütter hybrids that had become the 
industrial standard. Some manufacturers changed to synchronous 
generator, however, within the same basic concept. The diagram 
below presents some of the milestones in the period from 1975 till 
2012.

The development of modern wind turbine in pictures 
(Photo 8: Hans Hillewaert).
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 Writing history, even the history of contemporary wind 
power, is a continuous process. The essence of this book is to 
bring forth the fact that it was up to the people to create the modern 
wind turbine industry with bottom-up growth, even if the early 
products often might appear to be technically clumsy, compared 
to the perfectionism characterising modern industrial products. It 
was the craft, design, production and operation of wind turbines 
that	 was	 to	 be	 learned	 first,	 and	 from	 the	 bottom,	 by	 people 
who were obsessed with belief in the new technology. The wind 
singing above their heads belonged to them.
 Preben	Maegaard

Lead	author
Nordic	Folkecenter	for	Renewable	Energy

Denmark
Summer	2013
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